Summary Meiotic investigations were carried out on 29 species of 13 Polypetalae families from the cold deserts of Lahaul-Spiti and adjoining areas of north-west Himalaya. Additional/varied cytotypes have been reported for two species for the first time. The present chromosome count of 2nϭ18 in Hypericum elodeoides adds a new cytotype to the existing diploid (2nϭ2xϭ16) chromosome number. The meiotic count of 2nϭ2xϭ14 in Potentilla fruticosa var. rigida adds a new diploid cytotype to the already existing tetraploid (2nϭ4xϭ28) cytotype. The chromosome numbers of 10 species viz. Aquilegia fragrans (nϭ7), Silene vulgaris (nϭ12), Astragalus bicuspis (nϭ8), Cicer microphyllum (nϭ8), Potentilla fruticosa var. rigida (nϭ7), Melilotus officinalis (nϭ8), Rosa webbiana (nϭ7), Bergenia stracheyi (nϭ17), Sedum ewersii (nϭ11) and Datisca cannabina (nϭ11) are new records for India. The cytomixis involving the inter pollen mother cell transfer of chromatin is observed in Caltha palustris, Astragalus bicuspis, Meconopsis aculeata, Melilotus officinalis, Potentilla fruticosa var. rigida and Trifolium pratens. In Caltha palustris the cytomixis (20-28%) results into various meiotic abnormalities and heterogeneous sized pollen grains. In other species the frequency of PMCs (pollen mother cells) involved in chromatin transfer is very low (0.1-1%) without affecting the pollen fertility.
Lahaul-Spiti is a cold desert region of north-west Himalaya, one of the largest district of Himachal Pradesh with an area of ca. 12, 210 sq. km. In spite of its geographical isolation, extreme xeric and specific ecological conditions, the area is quite rich floristically with as many as 977 species belonging to 348 genera and 76 families of flowering plants (Aswal and Mehrotra 1994) . So far no serious attempt has been made to explore the cytomorphological diversity except for some specific medicinal plants from this laboratory (Bhatia 2005) and few chromosomal reports by Pimenov et al. (2006) . An attempt has been made to study the meiotic course, microsporogenesis and pollen fertility in some species from the region. The meiotic chromosome counts for 29 species belonging to 13 families of Polypetalae are reported here. Additional/varied chromosome counts are recorded for 2 species while counts for 10 species are the new records for India.
Materials and methods
Materials for meiotic studies from the wild plants were collected from Lahaul-Spiti and adjoining high hill areas during the months of May-September in 2006 and 2007. The voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN) ( Table 1) . For meiotic chromosome counts, young floral buds of suitable sizes were fixed in Carnoy's fixative (6 alcohol : 3 chloroform : 1 acetic acid v/v) for 24 h. These were subsequently transferred to 70% alcohol and stored at 4°C in refrigerator. Slides were prepared through standard squash technique in 1% acetocarmine. A number of freshly prepared and permanent slides were carefully examined to determine the chromosome number and meiotic abnormalities at different stages. Pollen fertility was estimated using glyceroacetocarmine (1 : 1) mixture. Well filled pollen grains with stained nuclei were taken as apparently fertile while shrivelled and unstained pollen were counted as sterile. Photomicrographs of chromosome counts and pollen grains were made from the freshly prepared slides using Leica Qwin Digital Imaging System.
Results
The data regarding the family, locality with altitude, meiotic chromosome number, pollen fertility, ploidy level of the 15 species which have not been discussed in the text are provided in Table  1 . For previous chromosome reports the references is made to Darlington and Wylie (1955), Fedorov (1969) , Moore (1973 Moore ( , 1974 Moore ( , 1977 , Löve and Löve (1982) , Goldblatt (1984 Goldblatt ( -1985 , Goldblatt and Johnson (1986 -1987 , 1988 -1989 , 1990 -1991 , 1992 -1993 , 1994 -1995 , 1996 -1997 , 1998 -2000 , 2001 -2003 , Kumar and Subramanian (1986) . The brief results for species with new/additional/varied chromosome counts and abnormal meiotic course are given as under.
Aquilegia fragrans Benth.
India, Chhatru, 3, 360 m (PUN 49417, 49418) A native species of sub alpine meadows in the north western Himalayas shows spurred flowers with honeysuckle like fragrance. During meiosis 7 II are clearly discernible at metaphase-I (MI) (Fig. 1a) of which 1-2 bivalents show early disjunction. Pollen fertility is 86%. The present meiotic chromosome count of nϭ7 is the first record for India.
Caltha palustris L.
India, Lahaul-Spiti, three populations (Marhi 3,400 m, Koksar 3,160 and Chhatru, 3,360 m) (PUN 49176, 49366, 49367, 49368, 49369 and 49370) It is distributed in the temperate regions of western Himalayas between 2,600 and 3,300 m, preferably along streams, wet places such as marshes, ditches and glacial moraines. Three populations have been included for detailed meiotic studies. These populations which uniformly exist at tetraploid level on xϭ8 show the presence of 16 bivalents at MI (Fig. 1b) . The individuals of the population from Chhatru (3,360 m) show normal meiotic course and 100% pollen fertility. However, in the other two populations (Marhi 3,400 m and Koksar 3,160 m), the individuals show inter PMC (pollen mother cell) transfer of chromatin material at various stages of meiosis involving 2-4 PMCs (Fig. 1c) and associated meiotic irregularities such as chromosome stickiness, pycnotic chromatin, micronuclei (Fig. 1d) , laggards and chromatin bridges at anaphases and telophases. Inter PMC transfer of chromatin in these populations also result into hypo-, hyperploid and enucleated PMCs, and consequently heterogeneous sized pollen grains (Table 2) .
Meconopsis aculeata Royle
India, Lahaul-Spiti, Rohtang Pass 3,979 m (PUN 49182) It is an erect and prickly perennial herb growing on rocks and stony slopes. The meiotic chromosome number nϭ28 has been confirmed from the presence of 28 large sized bivalents at M1 (Fig. 1e) . The transfer of chromatin material ( Fig. 1f ) and associated meiotic abnormalities such as chromosome stickiness, and laggards and bridges during anaphases/telophases (Fig. 1g ) in the presently studied individuals from Rohtang Pass (3,979 m) is observed in some PMCs (Table 2) .
Silene vulgaris (Moench.) Garcke
India, Lahaul-Spiti, Koksar 3,160 m (PUN 49192) It is a perennial herb with erect or drooping deep pink flowers, growing in meadows and alpine rocks. The meiotic chromosome count of nϭ12 is the first report from India. It is confirmed from the presence of twelve equal sized bivalents at M1 (Fig. 1h ). Pollen fertility is 96%. The species is already known to have intraspecific diploid (2nϭ24) and tetraploid (2nϭ48) cytotypes outside India.
Hypericum elodeoides Choisy India, Lahaul-Spiti, Marhi 3,400 m (PUN 49426) This perennial herb with sessile leaves and yellow flowers grows in damp meadows. During meiosis, 9 bivalents at MI ( Fig. 1j ) and regular 9 : 9 chromosome distributions at anaphase-I (AI) (Fig. 1k ) are observed. Meiotic course is normal with 100% pollen fertility. An intraspecific aneuploid cytotype with 2nϭ16 is already known to exist in Shimla hills and outside India.
Astragalus bicuspis Fisch.
India, Lahaul-Spiti, Tandi 2,573 m (PUN 49408, 49409) A xeromorphic deciduous hardy shrub is widely distributed in Sikkim Pakistan and certain high altitude areas of Kashmir, Sikkim and Himachal Pradesh in India. The species is considered to be highly valuable for soil and water conservation in hilly areas. During meiosis, eight equal sized 2009 
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Meiotic studies in species from north-west Himalaya Chromosome numbers in these species are in conformity with the previous reports which are made from various chromosome indexes mention in the results. PUNϭHerbarium code of Botany Department, Punjabi University, Patiala as per "Index Herbariorum" by Holmgren and Holmgren (1998). bivalents are clearly observed at MI (Fig. 1r) . This is the first chromosome count for the species from India. Cytomixis involving transfer of chromatin material is observed in only few PMCs. (Fig.  1t) (Table 2) .
Cicer microphyllum Benth. India, Lahaul-Spiti, Lossar 4,200 m (PUN 49427, 49428) An erect glandular-hairy perennial herb with bluish-purple flowers grows on dry sandy slopes between 3,300-4,800 m. The diploid chromosome count of 2nϭ16 is confirmed from the presence of 8 small sized bivalents at MI (Fig. 1l) . Inspite of two bivalents having early disjunction, meiotic course is normal with 100% pollen fertility. The species has been counted chromosomally for the first time from India.
Melilotus officinalis (L.) Pall
India, Lahaul-Spiti, Darcha 3,360 m (PUN 49208) The species which is distributed throughout India grows as a tall, robust herb with pinnately trifoliate leaves and yellow coloured flowers. It is also grown as a green manure and as a fodder crop. All the populations studied from different localities (see : Table 1 ) unequivocally show 8 equal sized bivalents at M1 (Fig. 1m) . Cytomixis involving inter PMC transfer of chromatin material has been recorded in some PMCs (Fig. 1n, Table 2 ).
Trifolium pratens L. India, Kullu, Solang valley 2,200 m (PUN 49214)
This species grows as a perennial herb, in orchards, fields and in open waste places. The meiotic chromosome count of nϭ7 is confirmed from the presence of 7 : 7 chromosome distributions at AI (Fig. 1v) . The phenomenon of cytomixis showing cytomictic channels (Fig. 1w) has also been recorded in few PMCs ( Table 2 ). The pollen fertility is 86%.
Potentilla fruticosa var. rigida (Wall. ex Lehm.) Th.Wolf India, Lahaul-Spiti, Rohtang Pass 3,979 m (PUN 49413) This species grows as small shrub in dry valleys in high altitudinal regions. During meiosis, 7 bivalents at MI (Fig. 1o) and 7 : 7 chromosome distribution is observed at AI. Inter PMC transfer of chromatin through narrow cytoplasmic connections during early meiotic stages is observed in few PMCs (Fig. 1p) . Frequency of cytomixis is low (00.10%) ( Table 2) .
Rosa webbiana Wall. ex Royle
India, Lahaul-Spiti, Kaza 3,800 m (PUN 49412) This species grows as a deciduous prickly shrub with glabrous twigs and pink coloured flowers. The diploid chromosome count of 2nϭ14 which is the first record from India is confirmed from the presence of 7 small sized bivalents at MI (Fig. 1q) and 7 : 7 chromosome distributions at AI. Further meiotic course is also normal resulting into 100% pollen fertility.
Bergenia stracheyi (Hook. R. and Thoms.) Engler India, Lahaul-Spiti, Rohtang Pass 3,979 m (PUN 49224) A perennial herb grows among rocky slopes in alpine regions of the Himalayas. The pink coloured flowers which are present in drooping clusters appear during the months of May-August. The meiotic chromosome count of nϭ17 in the presently studied individuals is confirmed from the presence of 34 chromosomes at mixed AI (Fig. 1i) . Pollen fertility is 71%.
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Meiotic studies in species from north-west Himalaya The species with light pink flowers grows as a glabrous perennial herb on moist stony slopes. During meiosis, 11 equal sized bivalents are regularly constituted at MI (Fig. 1u) . These bivalents show regular segregation during anaphases. Further course of meiosis is also normal resulting into 100% pollen fertility. The present count of nϭ11 is the first chromosome report from India.
Datisca cannabina L.
India, Lahaul-Spiti, Jhalama 3,070 m (PUN 49418)
This species grows as a dioecious perennial bushy shrub in meadows, cultivated beds, along streams and on dry sandy slopes. During meiosis, 11 small sized bivalents are clearly observed at MI (Fig. 1s) . Further meiotic course and microsporogenesis is normal resulting into 100% pollen fertility. The species has been counted chromosomally for the first time from India.
Discussion
Presently cytological investigations has been carried out in 29 species belonging to 13 Polypetalae families, out of which 79.31% are diploids while 20.69% are polyploids. Additional/varied cytotypes have been reported for two. The present chromosome count of 2nϭ18 in species Hypericum elodeoides adds a new intraspecific aneuploid diploid cytotype to the already existing cytotype with 2nϭ16 from Shimla hills in India (Sandhu and Mann 1989) and outside India (Sugiura 1941 (Sugiura , 1944 . Potentilla fruticosa var. rigida is earlier known to exist at tetraploid level with 2nϭ28 (Ikeda 1989) . The present count of nϭ7 for the species adds a new diploid cytotype indicating that the species shows intraspecific polyploidy with 2x and 4x cytotypes. The chromosome counts for Aquilegia fragrans (nϭ7), Silene vulgaris (nϭ12), Astragalus bicuspis (nϭ8), Cicer microphyllum (nϭ8), Potentilla fruticosa var. rigida (nϭ7), Melilotus officinalis (nϭ8), Rosa webbiana (nϭ7), Bergenia stracheyi (nϭ17), Sedum ewersii (nϭ11) and Datisca cannabina (nϭ11) are the first records from India. All the species have been worked out cytologically for the first time from the studied area.
Majority of the presently investigated species show numerical chromosomal variation involving aneuploidy and/or polyploidy viz. Anemone rivularis (2nϭ14, 16, 24, 28, 48), Caltha palustris (2nϭ16, 28, 32, 35, 38, 42, 44, 48, 50, 52, 54, 56, 58, 60, 64, 68, 72, 88) , Ranunculus diffusus (2nϭ14, 32), R. sceleratus (2nϭ16, 32, 56, 64) , Meconopsis aculeata (2nϭ28, 56), Nasturtium officinale (2nϭ14, 32, 33, 34, 3 6, 48, 64), Sisymbrium irio (2nϭ14, 16, 21, 28, 42, 56) , Oxalis corniculata (2nϭ12, 16, 24, 28, 32, 44, 48), Impatiens scabrida (2nϭ14, 18, 20) , Silene vulgaris (2nϭ24, 48), Hypericum elodeoides (2nϭ16,18) Linum perenne (2nϭ18, 30, 36), Indigofera heterantha (2nϭ16, 48), Melilotus officinalis (2nϭ16, 32), Trifolium pratens (2nϭ14, 16, 26, 27, 28, 29) , Cotoneaster microphylla (2nϭ34, 68, 102), Potentilla fruticosa var. rigida (2nϭ14, 28), Spiraea sorbifolia (2nϭ18, 36) and Sedum ewersii (2nϭ20, 22). It has also been observed that species like Anemone rivularis, Caltha palustris, Ranunculus diffusus, R. sceleratus, Nasturtium officinale, Sisymbrium irio, Oxalis corniculata, Trifolium pratens and Cotoneaster microphylla exhibit much greater chromosomal heterogeneity and seems to be in active state of evolution. Authors are of the opinion that there is a need to explore such species intensively on population/individuals basis so that stocks with chromosomal variation could be marked in the field.
Cytomixis, the inter PMC transfer of chromatin has been reported in a number of flowering plants (Heslop-Harrison 1966 , Singhal and Gill 1985 , Bedi 1990 , Bione et al. 2000 , Lattoo et al. 2006 , Singhal and Dhaliwal. 2007 , Kumar and Singhal 2008 , Singhal and Kumar, 2008a , b, Singhal et al. 2008 . Presently, the phenomenon has been recorded in six species, Caltha palustris, Astragalus bicuspis, Meconopsis aculeata, Melilotus officinalis, Potentilla fruticosa var. rigida and Trifolium pratens. The percentage of cytomixis involving chromatin transfer in Caltha palustris is moderately high which results into the formation of hypo-and hyperploid and enucleated PMCs and heterogenous sized fertile pollen grains. The formation of such PMCs as a consequence of cytomixis has also been recorded in other plant species by various workers (Ashruf and Gohil 1994 , Dagne 1994 , Poggio et al. 1997 . The formation of heterogenous sized fertile pollen grains as a consequence of cytomixis has been reported in Vicia faba (Haroun et al. 2004) , Sorghum bicolor (Ghaffari 2006), Withania somnifera (Singhal and Kumar 2008a) and Meconopsis aculeata (Singhal and Kumar 2008b) . Owing to the very low frequency of cytomixis in other species the percentage pollen fertility and pollen size remain unaffected.
